Introduction
[2] Outbreaks of dry, dusty Saharan air over the equatorial North Atlantic Ocean are widely known phenomena that are readily observed from imaging radiometers onboard geo-and sun-synchronous environmental satellites [e.g., Swap et al., 1996; Karyampudi et al., 1999; Dunion and Velden, 2004] . These outbreaks, containing elevated levels of mineral dust, advect across the Atlantic within a dry layer referred to as the Saharan air layer (SAL).
[3] There is mounting evidence indicating that the SAL plays a prominent role in the meteorology and climate dynamics of the tropical Atlantic [e.g., Carlson and Prospero, 1972; Zhang and Pennington, 2004] . For example, recent work by Dunion and Velden [2004] suggests that the SAL may act to suppress tropical cyclone (TC) activity. Reasons for this include the enhancement of local vertical wind shear, an enhanced low-level temperature inversion, and a pronounced dry, stable air intrusion aloft. While Dunion and Velden [2004] show SAL suppression of TCs using geosynchronous satellite dust tracking imagery, the mechanisms cited above have been hypothesized based upon in situ profile soundings. The relative extents to which these mechanisms, not to mention the dust aerosols, impact convection is not yet well understood. To complicate matters, dry air outbreaks may in fact occur independently of dust outbreaks [e.g., Zhang and Pennington, 2004] .
[4] Unfortunately, in situ profile sampling of SAL phenomena remains somewhat limited, particularly in the eastern Atlantic. Although remotely sensed profile retrievals from infrared satellite observations, such as from the Atmospheric Infrared Sounder (AIRS) onboard Aqua, mitigate this difficulty, dust aerosols introduce a systematically varying perturbation to upwelling infrared spectral radiances that may adversely impact retrievals [e.g., Stowe and Fleming, 1980; Nalli and Stowe, 2002] . In fact, the impact of aerosol radiance attenuation upon AIRS has not been well characterized, partly because of the lack of marine in situ ''ground-truth'' within dust outbreaks. Clearly, such observations are needed.
[5] To this end, this work presents quasi-continuous atmospheric soundings acquired from a ship-based intensive observing period (IOP) during the 2004 Aerosol and Ocean Science Expedition (AEROSE). The AEROSE IOP spanned at least two separate Saharan dust events in March 2004. In the next section, the AEROSE profile data acquisition is overviewed. In Section 3, preliminary analyses of the profile data are then presented and discussed. Figure 1) . The overarching mission objective was to collect data to address questions related to the impacts of Saharan dust outbreaks on the ocean, atmosphere, biosphere, and on satellite radiometric observations. Based upon NOAA Advanced Very High Resolution Radiometer (AVHRR) aerosol climatology [Jacobowitz et al., 2003] , the outbound leg (eastward and northward) was charted to maximize probabilities of encounters with dust events and allow longitudinal and transverse cross-sectional sampling. The return leg (westward), on the other hand, was intended to obtain non-dusty samples.
Data
[7] Through a joint collaboration, the mission was equipped with commercial Vaisala balloon-borne radiosondes to conduct launches with a 3-hourly sampling frequency throughout the cruise (excluding a port-of-call, [Minnett et al., 2001] onboard the RHB for the AEROSE mission. Launch times were coordinated to coincide with Aqua twice-daily overpasses (Nalli et al., manuscript in preparation, 2005) . Temperature and relative humidity (RH) soundings were obtained from RS80 and RS90 sondes during 3 -24 March and 25-26 March, respectively. The RS80 sondes also measured winds, thus providing wind vector profiles (except for lost Global Positioning System on a couple sondes). There were '10 missed soundings due to sonde malfunctions. Figure 1 charts the geographic locations and dates of sonde launches. The track forms 3 cross-sectional transects: Leg 1 West-East, Leg 1 South-North, and Leg 2 East-West.
Results and Discussion
[8] Figure 2 shows the daily 10th percentiles of totalcolumn optical depth, t(l), l = 0.870 mm, derived using Microtops handheld Sun photometers [after Porter et al., 2001] onboard the RHB. As evidenced in Figure 2 , the ship encountered at least two Saharan dust events (both observable in satellite imagery), occurring '6 -12 and 18 -22 March, with sharp increases in t peaking on 8 and 19 March.
[9] The sonde data are preprocessed by least squares linear polynomial smoothing followed by interpolation to a common pressure coordinate. Figure 3 shows the transectmean RH profiles. Following Dunion and Velden [2004] , the Jordan [1958] mean tropical soundings are plotted for reference. The AEROSE transects, including Leg 1 W-E ('6-15°N; see Figure 1 ), are considerably drier than the Jordan Jul -Oct sounding. Meteosat geosynchronous imagery suggests that the intertropical convergence zone remained to the south. Leg 1 S-N encountered the driest air, even while t was diminishing (cf. Figure 2) . Leg 2 E-W shows a prominent inversion at '950 hPa resembling the Cape Verde distribution reported by Zhang and Pennington [2004] .
[10] The cruise track and sampling frequency enable cross-sectional analyses of thermodynamic and kinematic profile evolution as a function of altitude and ship position. [11] Our results compellingly exhibit the SAL as an expanse of warm, dry, occasionally dusty air located above a moist, evolving marine BL and extending across the Atlantic Ocean. While these are not instantaneous crosssections, a large degree of coherence is nevertheless apparent within the constraints of the space-time sampling interval. The prevailing easterly trade-winds are evident from the surface up to about 700 hPa, and a westerly jet stream is located above 300 hPa. During Leg 1 W-E, a midlevel dry air intrusion at 800-500 hPa is first noticed around 4 March, followed by dry air aloft of 500 hPa (Figure 4, top plot) . Then, just prior to 7 March, a deepening column of dry air is encountered, accompanied by an enhanced midlevel easterly jet (MLEJ), just above the BL. The depth of the BL decreases rather abruptly from '2000 m to 1000 m (800 hPa to 900 hPa), while being capped by a more pronounced inversion and reduced entrainment zone (Figures 4 and 5, top plots) . These coincide with a sharp increase in t (Figure 2 ). The MLEJ is somewhat lower than that reported previously [e.g., Carlson and Prospero, 1972; Karyampudi et al., 1999; Dunion and Velden, 2004] , possibly because of the different time of year (March versus July -October). The magnitudes of the wind maxima are '15 m s À1 . For the remainder of Leg 1 W-E, the BL depth decreases well below 1000 m, demonstrating little to no turbulent growth, but it does becomes deeper while proceeding north during Leg 1 S-N (middle plots). During the return Leg 2 E-W (bottom plots), a stronger MLEJ (17.5-20 m/s) is seen near the leading edge of dry air just prior to 20 March, followed by an isolated convective cell in the mid-troposphere (Figure 4) . Meteosat cloud imagery suggests the convection cell was supported by a rapid southerly influx of moisture; this is consistent with our wind observations above the BL. In fact, the jet stream becomes southerly, then northerly, before reverting back to westerly, suggesting that the convection may have resulted from an extratropical system. With the exception of this system, the strong q v inversion associated with the SAL suppressed tropical moist convection throughout much of the cruise IOP ( Figure 5 ).
Summary
[12] This paper has presented in situ temperature, water vapor and wind profile observations from balloon-borne radiosondes as part of a trans-Atlantic IOP conducted during AEROSE 2004. The sondes were launched from ship with a '3-hourly frequency, enabling unique longitudinal and transverse cross-sectional analyses of the SAL. Our analyses showed a vast warm, dry, turbid stable column just above the marine BL. MLEJs were also observed near the leading edges of the low-level dry layers. Dust turbidity was found to vary within the SAL. To our knowledge, the AEROSE observational cross-sections provide for the first time a coherent, multidimensional depiction of earlier findings describing the SAL. These sounding data will be valuable for SAL case studies, as well as for validation studies of the radiometric impact of dust aerosols upon environmental satellite observations (viz., AIRS). An AEROSE follow-on cruise conducted during the Atlantic hurricane season (Jul -Oct) would be opportune for considering seasonal variations in the SAL, especially as they pertain to TCs.
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